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THTFODUCTION

Denartment 592-3, Structures Research Grouvp, requesied data
to aid in a study being conducted to determine the effect of
tiaxial stress and strain lardening on the rupture stress of
thin-walled pressure vessels vrnder internal pressure. 7o
provide data for that study, this test was performed.

CRJECTIVE:

1. To determine as functions of pressure, to failure, the
longi“uvdinal and hoovo strains and the radius of test
section of cylindrical »ressure vessels fabricated from
0.020 gage 301 type stainless steel of various hardness
conditiors.

2, To determire the original well thickness and the wall
thickness after runture of the test cylinders.

3. To determine longitudinal ard hoo» siress-strain curves
for the test cylinders, *to fail:re, tased on roih the
actual and originel radius,

L, To determine the stress-strain curves for con.rol tensile
specimens taken from the same sleet from whkich test
specimens were fatriceted.

CORCLUTICHS:

1. The longitudinal and hoop strains and the radius at the
center of the test section of tiree test cylinders were
determined as funrctions of pressure to failure, This
dete 1s given in Figures 16 through 3€.

2. The original wall thickness and tLhe wall trickness after
ruptire of the test cylinders were de‘ermined, These
date are ziven in Tatle I.

3. The longitudinal and hoov stress-strain curves, Tased on
tosh the actual and original readivs of the test cylinders,
were determined. These curves are given in Figpires 39
through ®1.

A\
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4, Stress-strain curves for control tensile specimens were
determined ard are presented in Figures 10 through 15.
Yield stress, rupture stress, and Modulus of Elasticity
are given in Teble II.

STECTMEN:

Test specimens consisted of cylindrical ‘anks, 12 inches in
diameter and 38 inches long, consirucied of O 020 gaze 301
type stainless steel and fabricated &s shown in Figures 1
through 4. In addi:ion to the welded cons-ruction stown in
these figures, tlie cylinders contained & 0,010 inch thick 301
condition "A" doitler tonded over the outside surface of tte
welded lonsitudinal splice, This addi<ioral doutler wes in-
tended to insure that fallire would develop oritside of the
welded eree,

Ten longitudinal and ten transverse (grain directior) tensile
control specimens were also lested for each cylinder fabricated.
Material from which tie fest section of the tark end control
specimens were fabricated wes ottalred from a single sheet of
material apportioned as shown in Figure S.

Originally, five cylinders were scheduled for test which
were to Le identified as follows:

Tank Serial Numter 301 Material Cordition

Annesled
Annesled
. 1/h Hard
3/4 Hard
Extre Full Hard .

A B =g UL IV

During the course of the nrogram, tre sanneealed shecimens were
eliminated and an additional extra full hard svecimen (identitied
es serial mmber 2) was included. Tiis extra full hard specimen
was included to evaluate the efficiency of an addiitional
doubhler, honded o the inside surface of the tank, in develoning
failure outside of the weld area, Hoop strain at the externsal
douller and turst vressure were the only deta taken for tnis
specimnmen,
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Specinens tested were identified as follows:

Tank Serisl Thumber 301 Materisl Condition
1 Extra Full Herd
2 Extra F:11 Hard
3 1/h Hard
L 3/k Bard

PROCEDURE :

Test Equimment and Site:

Test cylinders numier 1 and 2 were tested at the Point Loma
test facility and specimens numter 3 and &t were tested in

the Liquid Hydrogen Test Area of Plant 71l. For operator safety,
tests were conducted remotely from e corirol station with the
pressurized cylinder isolated behiind a tlast shield.

Ti:e test cylinders were instrunented al tlie center four quadrants
with Pudd Instrmment Division HE 1Ll high elongation strain

gages Lo measure hoon and longitudirel strains, Crescent linear
motion differentiel transformers (0-1 inclL) were used to measure
diametrical expansion. A 0-1000 veig Wiancho nressure transducer
was used 4o measure hydrostatic tank pressure. The strain gages
and linear motion itransducers were located at the center of
the cylinder with radial locations relative to the longituvdinal
doutler as shown in Firure 4, Ficures 7 and 8 siow cylinder
numter 3 instrimented with sirein gages and linear motion
transducers prior to test. Also, seen, are the reservolr,
vressure transducer, and the tlast shield, OSutseqrent piotos

of snecimens under test show the linear motion transducers
renositioned to lie at the center of the tank which was not

tre case wren the photo of Figures 7 and 8 were taken.,

Deia for specimen numter 1 wes recorded on a model 5-119 CEC

3G channel oscillozranh recorder with sys“em "D" preamvlifiers.
For apecimens mumber 3 and 4, date was recorded on two 8 channel
Sanborn model 150 recorders with carrier preamplifiers (AF
AT05ULT6 and TCSLLTS).  Pressurization equipment consistied of
a21/2 gallon water reservoir ard a bank of nitrogen gas
cvlinders connected to the specimen as shown schematically

in Fiure 9. :
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Specimen Testing:

After f1lling the specimen ard reservoir with water, and
tleeding the system 1o eliminate air from the specimen, all
instrumentation was zeroed, Niirogen ges was then fed into
the reservoir by manual oneration of tle pressure regulator
on the manifold of the nitrogen cylinders. Pressure was

built up continuously to failure; however, it wes not possirle
to attain a cons‘ant rate of nressure increase as the specimen
expanded, Specimen numter 3 (1/4 hard) went into yield and
exranded at such a rapid rate that it was necessary to stop
the test and refill the reservoir tefore failure could te
achieved,

T e
L) Tu

Results obtained are as follows:

1. Test eylinder number 1 failed violently at 773 psig through
the first row of spotwelds along the longitudinal splice
end at the end cap douvler, Figure 43 is a photograph
of the failed test section.

2. Tes% cvlinder mmber 2 failed at 840 psig on & longitudinal
line outside of the welded splice eres and along the end
cap doutlers, Figure L& shows the failed tesi section with
the internally londed doutler inlact., Figure 42 gives the
hoov stress in the doutler area versus tank pressure,

3. Test cylinder mubter 3 ylelded considerebly, as can te
gseen in Figure kS, end uvltimately failed at LTS psig with
a longitudinal split, shown in Figure L€, developing outside

of the weld grea, Iardness mnasv*ﬁmeﬁts were ‘eken through
the central section of the tank after fgailure, Hardness

readings renged tetween L2 and 43 on the Nockwell LUSN scale.
This hardress corresponds 1o & tensile strength of approxi-

mately 150 ksi, indicating tral thils tark exvericnced &

1, - 4 el ..) -1
": k51 work 1n;d(..u.‘.;5 effect over the materials’ OT1gIna L

1h5 ksi ultimate strength,
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L, Test cylinder numter 4 failed vielently ai 74O psig
tlirough tLe first row of spoiwelds at the lon-itudinal
snlice and et tiie end cap doutlers. This cylinder
wiithstood 785 nsig prior to yielding and failure,

Firure L7 shows the failed cylinder with Iuder line

areas visille. These areas extend down Trom tlhe end

cap area and alons the welded splice, igure 43

shows the sirained areas in a section taken from the

tank at the intersection of the 1 "~~tldi“al splice and

the end cap dovtler. foclkwell hardness (45N scale) .
-values avereged Ll in the areas of low strain and 53 in

the highly strained areas. This corresponds “o meterial

of 205 and 230 ksi tensile strengih or & 25 ksl work
rardening effect between tihe two aress,

T. "Table I tatulates original and final *ank radivs and
wall thickness, Yursi pressure, and ruptire L.oop siress.
both engineering and irue stresses are given, Rupture
siress is also given in terms of actial radius and originsl
thickness for later comparison wiil the wnlaxial engineering
rupture stressg ottained from conirol srecinens,

o, Table IT gives average propertles of fen tensile control
svecimens taken from tle sheet material from wrich the
specimen cylinders were fealriceted. TFor eech grain
direction, O specimers were tested 1sinr a Tinivs- Olsen

S-L extensometer, and 2 specimens were instrumen‘.ed 2
strain gaes,

T. Table III tahulates:

a, I'ercentage changes in cylinder redi:us and well
thickaess,

(9 Sag
stress (;ased on orisinal radius and thickness) and
true :00n rupture stress,

t. Percenlage difference Letween engineering l:oop rupture

c. Percentege difference tetween malerial '“iaxial
rupture stress and specimen roop ruvture stiress (lLased

on final redius end ori:inal thickness).

[&e]
)

Fimre 10 through 15 »resent stress-s.rasin curves for
longitudinal and transverse grain direc*ions of the tensile
control specimens, Data from wlich t!ese curves were

drawn were obtained from tle sveciuens insirmented with
strain geges (two shecimens for eacl. grain direction).

1
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9, TFigures 16 through 18 give tank radius as a fnetion
of tenk pressure., TLe averase radins taken from tlese
curves was vsed in caleuleiing the P'Qf(}’)/fto siresses
given in Figures 39 througn 41,

L eve
P = Tark pressure ’

¢ (?) = Tank redius at the given pressure, P

to = Original tenk wall thickness

10. Figures 19 through 20 present crrves of 100) and longi-
tudinal strain et the four Loss locailons versvs tank
pressi.re for tess cylinder nmter 1 {¥F¥). Thre duplica-
tion of lonit dinel strain velues at various vressures
results from ihe recorder i1l scale caliiration range
telng too lerge in comparison to tie small sirain outnut,
thereby giving poor readatility,

11, Fipures 27 throvgh 30 give curves of “00m sirain versus
tark pressire for test cylinder mmier 3 (1'L i).
Tongitudiral strain cages tecame ino-eretive during this
test and produced no reliaile dala.

12. Fimres 31 *irough 38 present curves of hoon and longitudinel
strains versus tank pressure for tes: cylinders muber L

(3/411)

13. Fig'res 39 through 41 give curves of tank stress versus
sirain for test cylinders nmumber 1, 3 and Lk, Siress
valres are given in terms of totlh: the original radius and
the actual radius as a fnction of »ressure, Strain vaelues
given are the average of strains a. tie four cylinder
quadrants and were taken from ithe sirain-pressure curves
of Firqures 19 through 38.

data from which thils report was prepared are recorded
nautics Engineering Workitooks mmler 7355, 753 and
‘77el, and on recorder charts and data sheets filed in Department
5°3-1, Materials Test Taroratory files, Recorder charts and
+
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TABLE IT

AVERAGE DATA OF TENSILE CONTROL SPECIMENS

No. of Uniaxial Stress
Materiel Grain Specimens Yield Uliimate
Condition Direction Tested PsI- PSY

/L H leng. 10 101,286 1Ls5,Ls52
" trans, 10 101,31k 1k3,555
3/4 H long. 10 169,748 193, k72
trans, 10 1hk, 516 197.02k
XFH long. 0 208,300 225,820
trans. 10 192,789 225,810

Tensile
Modulus

PSI x 106

3R 3B

BE
W
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